Reverse transcriptase from the human immunodeficiency virus type I (HIV-1) was expressed In E. coll and purified to near homogeneity. The enzyme was shown to contain reverse transcriptase, DNA polymerase and ribonuclease H activities. The DNA polymerase activity converted slnglyprlmed «X174 (+) DNA Into the double-stranded form.
INTRODUCTION
The human Immunodeficiency virus HIV Is the etiologic agent of the acquired immune deficiency syndrome (AIDS) (1, 2) . As a member of the group oT retroviruses the HIV genome codes for a particular retrovlral enzyme, the HIV reverse transcriptase (EC 2.7.7.49). Reverse transcriptase (RT) is a unique enzyme because it catalyzes both, RNA-directed DNA synthesis and DNA-directed DNA synthesis. Due to its RNA-directed DNA synthesis capability it is the only enzyme that can convert viral RNA Into DNA, which in turn is a prerequisite for viral gene expression and further amplification of the viral genome. Since the reverse transcriptase is crucial for viral growth and such an activity apparently does not exist in non-infected human cells, it has become the main target for antiviral therapies.
A critical feature of reverse transcriptases from retroviruses is their rather ©IRLPrew low accuracy of synthesizing DNA. The error frequencies may be as high as 1/700 per nucleotide polymerized (3) . This might give a rational for the frequently observed high variability of the retroviral genome, which is particularly evident with HIV (4). Such a low fidelity might also be harmful for the processes of cellular DNA replication and DNA repair, if the DNA polymerase activity of HIV RT also participates In cellular DNA metabolizing processes. Therefore, studying the accuracy of HIV reverse transcriptase might lead to important clues not only for the genetic variability of the HIV genome but also to the accuracy of DNA replication in Infected cells.
In the present paper we describe the expression cloning of the HIV poh gene and the purification of bacterially expressed HIV RT. We show that HIV RT, In addition to Its RNA-dlrected DNA synthesizing capacity, is also active with singly-primed single-stranded DNA as a template. The efficient replication of natural bacteriophage DNA allowed the determination of the base substitution fidelities. With the *X174 amber 16 reversion assay, the frequency of all the seven evaluable base-pairing mismatches were determined. The results might help to an understanding of the high mutation frequency of HIV which is observed In vtvo.
MATERIALS AND METHODS

Materials
The E. coll strain JM109 and plasmld pSS20*c were described In (5). Bacterial Indicator strains E. coll C (wild type, sup"), E. coll CQ2 (supE), E. coll C600 (supF, for the preparation of spheroplasts) and phage «X 174am 16 were as described in (6) . *X174oml6 single-and double-stranded DNA were kindly provided by Dr. G. Krauss, Universitat Bayreuth, FRG. The 14-base oligonucleotldes 5'-CAGTAACTTTTCCC-3' and 5'-CCCAGCCTGAATCT-3' were synthesized on an Applied Biosystems model 380A oligonucleotide synthesizer, deprotected, 5'-phosphorylated (7) and hybridized in a 10:1 ratio (primer/template) to *X174aml6 single-stranded DNA. Activated DNA, with a 20% acid solubility, was prepared as described (8) . Polynucleotides and oligonucleotide primers were obtained from Pharmacia, radioactive nucteoside triphosphates were from Amersham. T4 DNA ligase and E. coll RNA porymerase were kind gifts of Dr. F. Eckstein, this department, and Dr. H. Sternbach, this department, respectively. Column materials, DE52 and Pll, were purchased from Whatman. Heparin-Sepharose was prepared as described (9) . All other chemicals were from commercial sources.
Cloning and Expression of HIV RT In E. coll.
The RT expression vector was constructed by inserting the HIV po/-gene from position 2093 (Bgin position) to 5819 (Sail position) of the Ratner sequence (10) Into the Bgin/Sall-sites of the multilinker of pEMBL19 (11, 12) . excising the gene from pEMBL19 by BglTJ/Xbal cleavage, and subsequently inserting the Bgin/Xbal fragment into the corresponding sites of the expression vector pSS20*c (5), yielding the plasmid pJS3.7. To express the pol-gene, E. coll JM109, transfected with pJS3.7, was grown in NZCYMmedium (10 g NZ-amine, 1 g Casamlno acids, 5 g yeast extract, 2 g MgSC>4 X 7 H2O, 5 g NaCI, 1 ml of 1% (w/v) thiamine hydrochloride per litre bidistilled water) overnight at 25°C to an optical density (at 600 nm) of approximately 2. The expression of the fusion protein was Induced by adding IPTG to a final concentration of 8 mM. Purification of HIV RT from £ coif.
5 hrs after IPTG-induction cells were collected by centrifugation and resuspended to a density of about 20 OD<5oo Into 50 mM Tris/HCI (pH 7.5), 1 mM EDTA, 7 mM 2-mercaptoethanol, 0.4 M NaCI. The suspension was treated with 100 ng/ml lysozyme for 30 min at 25°C, chilled to 0°C, and sonicated on ice with 10-20 bursts of 5 sec duration each with 55 sec chilling Intervals. The sonicated suspension was centrifuged for 30 min at 16,000 x g, decanted from the pellet and dialyzed 2 times against a 20-fold volume each of buffer A (50 mM Tris/HCI (pH 7.0), 1 mM EDTA, 3 mM 2-mercaptoethanol, 0.1% (v/v) Nonidet P-40, and 10% (v/v) glycerol). The dialyzed crude extract was passed over DEAE-cellulose (DE52, equilibrated with buffer A, 1 ml wet volume/ml crude extract) to remove nucleic acids and then loaded onto a second DEAE-cellulose (equilibrated with buffer A, 1 ml wet volume/ml crude extract). After washing with two column volumes of buffer A, RT was eluted with 2 column volumes of buffer B (buffer A +100 mM KCI). Fractions with RT activity were collected and directly loaded onto a phosphocellulose column (Pll, equilibrated with buffer B, 0.1 column volume/ml crude extract). The column was washed with 2 volumes of buffer B and then eluted with 10 column volumes of a linear gradient from 100 to 500 mM KCI in buffer A. Activitycontaining fractions were diluted to a conductivity equivalent to that of buffer B. The diluted fraction was loaded on a heparin-Sepharose (equilibrated with buffer B, 0.1 column volume/ml crude extract). The affinity column was washed with 2 column volumes buffer B and eluted with 10 column volumes of a linear gradient containing 100 and 500 mM KCI, respectively. Acth/itycontalning fractions were combined and dialyzed against buffer C (50 mM potassium phosphate, pH 7.8, 2 rnM 2-mercaptoethanol, 0.1% Nonidet P-40 and 50% (v/v) gtycercd). The dialyzed fraction was stored at -20°C. About 10% of the activity was lost after storage for six month. RNA-dependent DNA Porymerase Assay (RT Assay).
The assay mixture contained in a 200 |il reaction volume 50 mM Tris/HCI (pH 8.0), 80 mM KCI, 10 mM MgCl2, 1 mM dithiothreitol, 25 ng/ml poly(rA), 10 u.g/ml oligo(dT)i2-i8-100 ^M ( 32 P-o)dTTP (50 cpm/pmol), 0.05% (v/v) Nonidet P-40 and 2 |jJ enzyme. After 2 to 10 mln at 37°C the reaction was stopped by spotting an aliquot of the assay mixture onto a glass fiber filter (BA55, Schleicher and Schull, Dassel, FRG) and Immersing the filter Into ice-cold 10% (w/v) trichloroacetlc acid. After 5 mln the filter discs were transferred to a suction device and washed 5 times with 1 ml each of 1 M HCI, followed by 2 times with 1 ml each of 96% ethanol. Filters were dried with a fan. The Incorporated radioactivity was determined by toluene-based scintillation counting. 1 unit of reverse transcriptase activity is defined as the amount of enzyme that catalyzes the Incorporation of 1 nmol dTMP Into poly(rA):oligo(dT) in 10 min at 37°C. DNA-deoendent DNA Porymerase Assay.
Assays using poly(dA-dT) or activated DNA as template-primers were performed In 50 nl assay mixture containing 50 mM Tris/HCI (pH 8.0), 50 mM NaCI, 10 mM MgCl2, 0.05% Nonidet P-40, 100 nM (nucleotide) DNA, 100 nM (each) dNTPs and 0.2 ng RT. For studying singly-primed single-stranded DNA replication a 14-mer oligonucleotide, complementary to region AB5282 to AB5296 of the *X174 genome (13) , was annealed in a 10-fold molar excess to the «X174 DNA (+) strand DNA. The assay mixture (100 nD contained 50 mM Tris/HCI (pH 8.0), 50 mM NaCI, 10 mM MgCl2-0.05% Nonidet P-40,1 mM rATP, 15 units T4 DNA ligase, 60 \AA (nucleotide) singly-primed *X174 (+) strand DNA, 100 nM (each) dNTPs and 1.2 mj RT. When pool biases were applied, the concentration of one of the four dNTPs was raised to 1 mM and to 3 mM. After 22 h at 37°C, 10 nl of the assay mixture was withdrawn, heated to 70°C, and then analyzed on a 1% agarose gel (containing 0.2 p.g/ml ethldium bromide). Within this time > 90% of the DNA was replicated; about 2/3 of the material formed covalently closed circular DNA (RRV), 1/3 formed open circular double-stranded DNA (RFID (Figure 2 ). Only material with > 90% RRI/RFIV DNA was used for transfectlon. Fidelity Assay.
Fidelity measurements were performed as described (6, 14, 15) with the modifications given in (16) . Following RHI/IV formation of *X174oml6 DNA, HIV RT and T4 DNA ligase were Inactivated by heating to 70°C for 10 mln. Spheroplasts of £ coli C600 (supF) were transfected with 0.05 to 0.2 fmol and with 50-100 fmol of RFII/IV DNA to measure the expression of the progeny and revertant phages, respectively. After incubation at 30°C for 10 min, the spheroplasts were mixed with soft agar containing £ coli CQ2 (supE) for the expression of all progenies, and with soft agar containing £ coli C (sup 0 ) for the expression of revertants at the amber codon. The mixtures were plated on L-agar. £ coli CQ2 was incubated at 37°C, £ coli C at 30°C. To analyse the individual mutatlonal pathways, plaques were taken from the revertant plates and re-grown on £ co//C (sup") at different temperatures. Incubation at 39°C allows to differentiate between wild-type and related phages (large plaques), tS3s (small plaques) and H34/35 (no plaques). Phages that are forming large plaques at 39°C were re-plated and grown at 43°C. Wild-type and pseudo-wild-type phages yield large plaques, tojj progenies give rise to small plaques, whereas U42 do not grow at this temperature. Phages that do not grow at 39°C were re-plated and grown at 34.5°C. tsss progenies form middle-size plaques and ts^ progenies form pln-point-stzed plaques at this temperature. Reversion frequencies were calculated from the ratio of (number of revertants to a distinct phenotype) + ((total number of progeny phages) x (minus strand expression rate)). The minus strand expression was determined by hybridizing a 5'-phosphorylated 14-mer oligonucleotide, complementary to region AB5271 to AB5285 of *X 174am 16 DNA, elongating it to RFII/IV in the presence of HIV RT and T4 DNA ligase, transfecting the DNA to E. coli C600, and plating the resulting progenies onto £ coli C and £ coli CQ2, respectively. This particular 14-mer introduces a Gtempiate:T mispair at position AB5276 of the amber 16 codon, leading to pseudo-wild-type progenies. The ratio between pseudowild-type progenies and total progenies was determined to be 0.27. Preparation of Radioactivery Labeled ( 3 HlPolv(rA):polv(dP.
The reaction mixture (0.1 ml) contained 20 mM HEPES, pH 7.5, 5 mM MgCl2,0.5 mM (3H)ATP (1,000 cpm/pmol), 0.1 mg/ml poly(dT) and 20 ng RNA polymerase from £ coli. The reaction was completed after 5 min incubation at 37°C. After phenoltzation and precipitation with ethanol (7), the DNA:RNA hybrid was dissolved in 0.1 ml sterile 10 mM Tris/HCI, pH 7.8,1 mM EDTA. Rlbonuclease H Assay.
Reaction mixtures (50 jil) contained 20 mM Tris/HCI, pH 7.3, 75 mM KCI, 5 mM MnCl2 (or 8 mM MgCl2), 4 mM dithlothreitol, and 20 ^M (nucleotide) poly(dT):( 3 H)poly(rA). Incubation was for 10 min at 37 °C. Reactions were terminated by spotting allquots onto GF/C filter discs (Whatman) and immersing the discs into Ice-cold 10% trichloroacetic acid. The filters were washed and dried as described above. Acid preclpltable radioactivity was determined by scintillation counting. One unit of RNase H activrry is defined as the amount of enzyme that catalyzes the hydrolysis of 1 nmol ( 3 H)poly(rA), hybridized to poly(dT), in 10 min at 37°C.
RESULTS
Purification of Bactertally Expressed HIV RT from E. coli Crude Extracts.
The HIV po/-gene from position 2093 to 5819 of the Ratner sequence (10) was inserted Into the muttlcloning site of the expression vector pSS20*c (5). Upon IPTG Induction, a fusion protein consisting of p-galactosldase, a collagenase linker and HIV protease/RT/endonuclease Is expressed In E. coli. From the fusion protein the co-expressed HIV protease liberates HIV RT. After opening the cells the bulk of nucleic acids and some unrelated proteins were removed by passing the crude extract through DEAE cellulose. The flow-through material was loaded onto a second DEAE cellulose column. RT containing proteins were eluted from this column batch-wise with 100 mM KCI. The eluate was directly applied to a phosphocellulose column. Elution was achieved with a gradient from 100 to 500 mM KCI. RT-containing fractions were collected and dialyzed to a conductivity equivalent to 100 mM KCI. This material was loaded onto a heparln-Sepharose column. A gradient from 100 to 500 mM KCI eluted nearly homogeneous RT at a position of about 250 mM. From 2 I E. coll culture, about 3-4 mg of pure enzyme was obtained. A summary of the purification procedure is shown on Table I and in Rgure 1. Enzvmatic Activities of the Expression Cloned RT.
The purified HIV RT was most active with poly(rA):ollgo(dT) as templateprimer, displaying a specific activrry of 4,010 nmol TMP incorporated per mg enzyme in 10 min at 37°C. Activity was 4-fold less with poly(rC):oligo(dG). Long stretches of single-stranded DNA templates were replicated with about 1/5 the rate observed for poly(rA)-directed DNA synthesis. Short-gapped DNA (activated DNA) as well as double-stranded DNA (poly(dA-dT):poly(dA-dT)), on the other hand, were poor templates Gable II). DNA synthesis was dependent on the presence of a divalent cation. 5 to 10 mM Ma 2 * was found to be optimal; Mn 2 * could replace Mg 2+ at an optimal concentration of 0.5 mM MnCl2. In addition to its DNA synthesizing capability, purified RT possesses significant amounts of ribonuclease H activrry (17) . The specific activrry for ribonuclease H was determined with ( 3 H)poly(rA):poly(dT) as 1850 nmol ai unit RT catalyzes the incorporation of 1 nmol dTMP into poly(rA):ollgo(dT) in 10mlnat37°C. b Purification was from 7 g E. coli cells. The values are the average of three different preparations. c An apparent lower yield for RT activity was found in the crude extract. This was mainly due to the presence of ribonucleases in this fraction.
degraded hybrid polymer per mg enzyme In 10 min at 37 °C. RNase H activity was optimal with Mr>2+ rather than with Mg2+ (Table II) . (3H)poly(rA) alone, I. e. not hybridized to poly(dT), was refractory to degradation by the purified enzyme, this makes an artificial enrichment of unrelated RNases unlikely (data not shown). The enzymic properties of expression cloned HIV RT are summarized in Table II . HiV RT Replicates Natural Single-stranded DNA to the Double-stranded Form. The DNA-dlrected DNA synthesizing feature of HIV RT was further analysed on singly-primed *X174 DNA. A synthetic ollgonucleotide primer, which was complementary to the sequence position AB5282 to AB5296 (13) and contained a 3'-terminus three nucleotides in front of the amber 16 codon, was hybridized to *X174aml6 DNA and subsequently elongated by HIV RT in the presence of T4 DNA ligase and ATP. The primer was elongated by HIV RT with a linear kinetics for about 20 h (data not shown). An analysis of the replication products on agarose gels revealed that during this time replication was driven to near completeness (Figure 2 U is defined as the amount of enzyme that catalyzes the Incorporation/degradation of 1 nmol nucleotldes in 10 mln at 37°C. different £ coll strains. Progeny Infection of suppressor tRNA-containing £ coli cells yields the total number of viable «X 174am 16 phages that have been obtained after In vitro replication of the single-stranded DNA, whereas Infection of wild-type £ coll cells scores only the number of revertants at the amber codon (6, 14, 15) . The ratio between plaques formed on £ collC (wildtype) and £ coll CQ2 (supF), divided by the minus strand expression factor (0.27, cf. Materials and Methods) to account for repair processes Inside the spheroplast, gives the overall fidelity of RT at the amber codon. With three different enzyme preparations, fidelities between 1/5,000 to 1/7,000 were determined. This Is more than 20-fold above the frequency of spontaneous mutations of uncopled *X174aml6 DNA, Indicating that errors are indeed Introduced during In vitro DNA synthesis by HIV RT. In a further control experiment, the overall fidelity of human lymphoblast DNA polymerase a was measured to be better than 1/1,000,000 (Bialek et al., submitted for publication).
Seven mutattonal pathways contribute to the overall fidelity at the amber 16 codon: dGMP:T te mplate< dCMP:T te mplate. and dTMP:Ttemplate mismatches at the first nucleotide, dGMP:Atefnpiate and dCMP:Atempiate at the second nucleotide, and dGMP:Gtempiate and dAMP:Gtempiate at third nucleotide all lead to mutated progenies that grow on wild-type £ coli strains. Moreover, each of the individual revertant types displays a different growth characteristic at different temperatures. Thus, by measuring the ssDNA Figure 2 : Replication of singly-primed *X174aml6 DNA by purified HIV-1 reverse transcrlptase. 2 \ig oligonucleotide-primed *X174 (+) strand DNA was replicated at 37 °C in 100 ^ assay mixture containing 20 mM Tris/HCI (pH 8.0), 50 mM NaCI, 10 mM MgCb, 0.05% Nonidet P-40,1 mM rATP, 15 units T4 DNA ligase and 100 \iM (each) dNTPs. After the times indicated 10 nl aliquots were withdrawn, heated to 70°C, and then analyzed on a 1% agarose gel (containing 0.2 |xg/ml ethldium bromide). Bands were visualized with an UVlamp.
temperature to which each of the revertants Is able to grow one can evaluate the error rate for each of the seven mispalrs (6, 14, 15) . Furthermore, reversions can be forced into distinct pathways by biasing the concentrations of the four dNTPs during in vitro replication. For example, increasing dGTP over the other three dNTPs will favour the occurrence of dGMP:TtempiatedGMP:Atempiate' and dGMP:Gtemptate revertants, which are able to grow at 2 44°C r> wt) . <; 38°C (fs^). and z 35°C (tS35). respectively. Thus, by performing replication assays under biased dNTP concentrations and scoring only the phages of interest it is possible to measure rate laws for the occurrence of each of the seven revertants as a function of the nucleotide bias employed. This procedure has been performed for the seven evaluable mismatches. With the exception of the aTMP:Tt e mpiate mispair, all the the biases studied gave a linear response In the occurrence of the relevant phenotypes (Table  110 . The error frequencies for the occurrence of individual mismatches under The error rates were calculated from the slopes of the straight lines of pbts of the reversion frequency over the nucleotide pool bias applied. c Without applying pool biases, only the sum of y/wt and true wild-type is evaluable. dSince no measurable pool bias effect was observable, only the number of revertants at the 30-fold bias was considered for the estimation of the error rate.
unbiased conditions were derived from the slopes of the straight lines obtained from a graph of the measured reversion frequency over the pool bias applied upon In vitro replication of *X 174am 16 DNA (6). These error frequencies are summarized in Table III. DISCUSSION A prerequisite for the measurement of the in vitro accuracy of HIV RT Is the accessibility of sufficient amounts of purified enzyme. Therefore, we have expressed and purified to near homogeneity an enzymatically active HIV-1 RT in E. coli. The expression cloned RT was obtained in a nearly homogeneous form and shown to be similar. In Its structure and its enzymatic properties, to earlier preparations from either virus particles (18, 19) or other expression cloned preparations (20) (21) (22) (23) (24) (25) . We demonstrate here for the first time that HIV RT Is also active with single-stranded natural DNA as a template. A nearly complete replication of singly-primed bacteriophage DNA was achieved in vitro. This might suggest that HIV RT can also participate in processes of cellular DNA metabolism, such as DNA replication, DNA repair and DNA recombination.
The DNA synthesizing capability of HIV RT allowed the measurement of fidelities with natural DNA as a template. The nucleotide substitution rate at the amber 16 codon of bacteriophage *X174 was determined to be between 1/5,000 to 1/7X00. This Is In good agreement with the nucleotide substitution rate determined In vivo for DNA replication at a different amber locus by avlan myeloblastosis virus RT (1/5,000) (26) and in vitro (1/17,000) by using a different reversion system (*X174am3) (27) . During the preparation of this manuscript an accuracy of 1/4,000 was reported for HIV RT by using the *X174am3 reversion assay (28) . Furthermore, an error rate of 1/18,000 was found with an M13-based amber codon reversion assay (29) . A fidelity of around 1/10,000 Is characteristic for polymerases that lack a proofreading function (30) . Since HIV RT i s devoid of a proofreading exonuclease (29), the measured accuracy was expected. It is noteworthy to point out that the observed fidelity at the amber 16 codon Is not exceptionally low.
The <i>Xaml6 assay utilized for this study allows not only the measurement of an overall accuracy at a certain codon but also the characterization of seven Individual mutational pathways. Such an analysis revealed that the error rates strongly depend on the base pairing under consideration. dGMP:Ttemptate mispairs were most prominent with a frequency of 1/8,000. This was also expected since theoretical considerations and model building studies predict a prevalence of dGMP:Tt e mpiate mispairs (31) . Furthermore, DNA polymerases without a 3'-»5'exonuclease form dGMP:Tt e mptate mispairs with the highest frequency (6, (32) (33) (34) . Also not quite unexpected was the finding that dAMP:Gtemplate and dGMP:Atemptate mispairs, which cause transversion mutations, were second most prominent with relative frequencies of around 1/40,000. Somewhat surprising was the relatively high frequency of 1/73X100 for the pyrimidlne:pyrlmidine mispalr dCMP:Tt e mplate. which is in contrast to predictions based on models for the occurrence of mlspairs (31) . However, the high frequency of dCMP:Tt e mpiate mispalrs is not without precedence because an even 24-fold higher error frequency (1/3,000) has been observed for purified chicken DNA polymerase p (34) . dCMP:Atemplate mispairs were formed by HIV RT with a frequency of 1/140,000. AMV RT formed the same type of mlspalr at the amber 3 locus of *X174 DNA with a frequency of 1/17,000 (27) . With poJy(rA) as a template, frequencies between 1/17,000 to 1/38,000 were observed for the dCMP:At em piate mispair with different HIV RT isolates (35) . This is 4-to 8-fold higher than our measurement at the amber 16 locus. However, higher error rates are frequently observed with synthetic homopolymer templates for many DNA polymerases (30) . Therefore, the higher error rate of HIV RT with a poty(rA) template does not necessarily mean that HIV RT copies RNA with a significantly lower accuracy than DNA templates.
The mutation rate of RNA genomes has been estimated to be more than a million times greater than that of DNA genomes (36) . The HIV genome seems to display an even higher variability, whereby the amino-termlnal part of the gag-protein and the entire envelope gene contain hypervariable regions (4, 37, 38) . A recent computer-assisted comparison of the genomes from nine different retrovlruses revealed that recombinatlonal events contribute to the hypervariablllty of the env-gene (39) . On the other hand, the observation of a prevalence of point mutations over frame shift mutations (4, 38) suggests an inaccurate DNA polymerase being responsible for most of the mutations. In fact. In a direct comparison of fidelities of three different reverse transcrlptases, HIV RT was demonstrated to be threefold less accurate than RTs from other retroviruses (35) . After finishing this work an accuracy of 1/1,700 was reported for HIV RT by using a forward mutation assay. This was tenfold lower than the simultaneously studied accuracies of RTs from avion myeloblastosls virus and from Moloney murine leukemia virus (29) . By contrast. In the same study an accuracy of 1/18,000 was measured for HIV RT and the other two retrovlral RTs by using an M13-based reversion assay. The low accuracy with the forward mutation assay was shown to be mainly due to a preponderance of G:T mispalrs at certain defined locations, leading to mislnsertion rates of as high as 1/70. Furthermore, frameshlft mutations occured with frequencies of up to 1/250 (29) . The observed discrepancies In error rates measured with several reversion assays (this study. (28, 29) ) and the forward mutation assay point to a remarkable nucleotide sequence dependence of the replication fidelity of HIV RT. The molecular basis for this b not yet understood.
